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ABSTRACT:  Two  approaches  have  been  investigated  for  generating  USP  sterile,  pyrogen-free  water  for  injection 
(WF1)  from  potable  water  in  the  field.  The  first  approach  utilizes  reverse  osmosis  (RO),  ion  exchange,  a  solid 
matrix  filter  containing  activated  carbon  and  zeta  adsorbent,  a  final  0. 2  pore  size  sterilizing  filter  and  a  device 
for  transferring  the  WFl  to  an  IV bag;  prototype  systems  based  on  three  different  hand-operated  RO  units  weigh 
1. 5-3.5  kg  and  are  capable  of  producing  WFl  at  rates  of  1-10  L/hr.  Parenteral  solutions  were  made  by  adding 
WFl  to  an  IV bag  containing  concentrated  Ringer's  lactate.  The  second  approach,  still  in  the  breadboard  stage,  is 
similar  but  utilizes  a  larger  ion  exchange  column  in  place  of  the  RO  unit  and  a  multiport  distribution  head  to  fill  a 
set  of  18  1  -L  IV  bags.  This  system,  considered  to  be  disposable,  is  capable  of  generating  water  of  WFl  quality  at  a 
fill  rate  of  0.5  Lt min  from  a  pressurized  source. 


Introduction 

The  U.S.  Army  has  recognized  a  need  to  manufacture 
intravenous  (IV)  fluids  under  conditions  where  resupply 
of  medical  items  is  uncertain,  and  has  called  for  develop¬ 
ment  of  a  device  to  produce  sterile  water  free  of 
pyrogens  (i.e.,  bacterial  endotoxins)  from  a  potable 
source.  The  product  water  is  to  be  introduced  directly 
into  one-liter  bags  containing  concentrated  parenteral 
salts  so  as  to  make  solutions  suitable  for  IV  infusion. 
Two  configurations  arc  envisioned:  one,  a  hand- 
operated  device  capable  of  producing  a  minimum  of  1 
L/hr  and  small  enough  to  be  carried  as  part  of  the 
aidman’s  kit;  the  other,  a  disposable  system  capable  of 
producing  at  least  50  L  in  two  hours  from  a  pressurized 
source  and  occupying  no  more  than  two  cubic  feet.  At 
present,  the  smallest  system  for  production  of  IV  fluids 
projected  to  be  available  in  the  field  is  the  Resuscitation 
Fluids  Production  System  (REFLUPS)*  a  100  L/hr, 
desk-size  device  with  substantial  water  and  power  re¬ 
quirements,  employing  reverse  osmosis  (RO)  technol¬ 
ogy  (1).  A  2-kg  device  developed  for  the  National 
Aeronautics  and  Space  Administration  (NASA),  capa¬ 
ble  of  producing  12  L  of  sterile  water  for  injection,  is 
based  principally  on  ion  exchange  and  ultrafiltration 
(2,  3). 

We  perceive  that  the  target  for  the  devices  in  question 
is  sterile  water  for  injection  (WFl),  as  defined  by  USP 
XXII  (4).  The  one  criterion  that  cannot  be  met  by  any 
fluidmaker  (including  REFLUPS)  at  the  outset  is  that 
the  source  water  satisfy  U.S.  Environmental  Protection 
Agency  (EPA)  criteria,  which  specify  maximum  contam- 
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inant  levels  for  a  large  number  of  organic  and  inorganic 
chemicals  commonly  found  in  water  supplies.  Army  field 
potable  water  standards  (Table  I)  are  necessarily  less 
stringent  (5).  For  example,  potable  water  prepared  from 
seawater  by  means  of  the  600  gallon/hour  reverse 
osmosis  water  purification  unit  (ROWPU),  the  most 
advanced  water  treatment  system  in  the  Army  inventory, 
has  chloride  levels  exceeding  the  EPA  secondary  stan¬ 
dard  by  two-fold  or  more.  For  this  reason,  tests  have 
been  carried  out  with  waters  that  would  not  meet  EPA 
source  criteria,  and  use  of  the  term  “WFl”  in  this  paper 
does  not  address  these  criteria.  We  believe  that  use  of 
potable  water  meeting  Army  standards  will  not  compro¬ 
mise  the  safety  of  the  product,  while  recognizing  that 
this  product  will  not  qualify  as  USP  WFL 

Materials 

Reverse  Osmosis  Units 

Specifications  for  three  hand-operated  RO  units  (Re¬ 
covery  Engineering,  Inc.,  Minneapolis,  MN)  are  pre¬ 
sented  in  Table  II.  The  smallest  is  the  Survivor®  06 
(S06).  The  Survivor®  35  (S35)  is  identical  in  configura¬ 
tion  to  the  Survivor®  A90  (SA90)  but  cannot  be  disas¬ 
sembled  for  storage.  All  three  units  use  FilmTec®  FT30 
spiral-wound,  thin-film  composite  membranes  which 
provide  98%  sodium  chloride  rejection  at  225  psi  (1600 
kPa),  25°C  and  pH  7.  Connections  between  all  units 
used  in  these  tests  were  made  with  Tygon®  tubing  of 
appropriate  size.  The  RO  membranes  were  protected 
from  bacterial  degradation  by  treatment  with  sodium 
bisulfite  when  not  in  use. 

Ion  Exchange  (IE)  Columns 

Barnstcnd/Thermolync  Corp.  (Dubuque,  1A)  D8902 
IE  columns  containing  1.4  kg  of  strong  acid/strong  base 
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TABLE  I 

Army  Quality  Standards  for  Potable  Water8 


Constituent 

Short  Term 
Standard 
(7  Days  or  Less) 

Long  Term 
Standard 

(More  than  7  Days) 

Physical 

Color 

— 

50  units 

Turbidity 

Reasonably  clear 

5  units 

Chemical 

Arsenic 

2.0  mg/L 

0.2  mg/L 

Chloride 

— 

600  mg/L 

Cyanide 

20  mg/L 

2  mg/L 

Magnesium 

— 

150  mg/L 

Sulfate 

— 

400  mg/L 

Total  dissolved 

solids 

— 

1500  mg/L 

Chemical  Agent 

Hydrogen  cyanide 

20  mg/L 

2.0  mg/L 

Lewisite 

2  mg/L 

0.2  mg/L 

Mustard 

2.0  mg/L 

0.2  mg/L 

Nerve  agents 

0.02  mg/L 

— 

Bacteriological 

Coliform 

1.0  per  100  mL 

1.0  per  100  mL 

"  Reference  5. 


mixed  resin  were  utilized  where  large  columns  were 
required.  For  RO-based  systems,  a  small  ion  exchange 
column  was  fabricated  from  a  15  cm  length  of  PVC 
tubing  of  1.75  cm  inner  diameter.  The  PVC  tube  was 
packed  with  resin  from  a  fresh  Barnstead  D8902  car¬ 
tridge,  retained  at  each  end  with  foam  plastic  filter 
material  taken  from  the  same  cartridge. 

Water  Purification  Filters 

The  First  Need®  water  purification  filter  (General 
Ecology,  Inc,  Lionville,  PA)  is  a  plastic-encased,  solid 
matrix  cylindrical  filter  containing  a  proprietary  mix  of 
activated  carbon  and  positive  and  negative  zeta  poten¬ 
tial  adsorbents;  it  is  rated  by  the  manufacturer  at  0.1 
micron  nominal  and  0.4  micron  absolute  and  produces 
400  to  500  mL/min  at  the  recommended  pumping  rate. 
Total  weight  is  200  g,  and  water  holdup  is  20  to  30  mL. 
Seagull®  filter  cartridges  (type  RS1-SG),  acquired  from 
the  same  company,  are  of  similar  material.  Each  car¬ 
tridge  weighs  480  g,  and  the  stainless  steel  housing 
weighs  725  g. 

Sterilization  Filters 

The  following  filters,  0.2-0.22  jim  pore  size,  were 
used:  for  the  fiuidmaker  employing  the  S06,  25  mm 
cellulose  acetate  syringe  filters,  (Nalgc  Company,  Roch¬ 
ester,  NY);  for  the  SA35,  Cameo  IV  presterilized  nylon 
syringe  filters  (Micron  Separations  Inc.,  Westborough, 
MA);  for  the  SA90,  7.5  cm  cellulose  acetate  REFLUPS 
filters  (Abbott  Laboratories,  North  Chicago,  IL).  For 
most  tests  the  filter  was  connected  on  the  downstream 
side  to  a  REFLUPS  concentrate  transfer  set  (Abbott 
Laboratories),  a  28  cm  long,  4  mm  diameter  Tygon® 
tube  with  a  spike  pin  at  one  end  and  a  Luer-Lok®  syringe 
connector  at  the  other,  thus  providing  a  means  for  sterile 
transfer  of  the  WFI  to  an  IV  bag. 


TABLE  II 

Reverse  Osmosis  Units 


Model 

Length 

(cm) 

Wt 

(kg) 

Production 

Kate 

(mL/min) 

Survivor®  06 

20 

1.1 

20-25 

Survivot®  A90 

38“ 

3.2 

200 

Survivor®  35 

57 

3.2 

100 

“  Disassembled. 


Fine  Particle  Filters 

A  Whatman®  (Maidstone,  Eng.)  Gamma-12  filter 
unit,  fitted  with  the  grade  20  filter  tube  (0.2  p,m  rating) 
was  used  for  initial  tests  of  the  disposable  fiuidmaker. 
The  tubes  were  autoclaved  (121°  for  30  min)  before  use. 
For  all  subsequent  tests,  a  Filterite  (Timonium,  MD) 
U1A4A  spiral  wound  string  filter  cartridge  was  used. 
The  stainless  steel  and  brass  filter  cartridge  housing 
(Model  910562-000)  weighed  2.5  g  with  fittings;  the 
spiral  wound  string  filter  cartridges,  which  were  auto¬ 
claved  (121°  for  30  min)  before  use,  had  a  dry  weight  of 
40 g  each. 

Receiver  Set 

REFLUPS  receiver  sets  (No.  1 5257,  Abbott  Laborato¬ 
ries)  were  used  for  all  tests  of  the  disposable  fiuidmaker. 
Each  sterile  set  consisted  of  18  1-L  IV  bags,  a  7.5  cm 
diameter,  0.22  p.m  pore  size  sterilizing  filter  and  a 
docking  device,  all  contained  in  a  plastic  wrapper.  The 
dry  weight  of  each  18  1-L  bag  receiver  set  was  1.2  kg. 

Distribution  Head 

An  indexed,  19-port  valve  constructed  from  stainless 
steel  and  Teflon®  weighed  1.54  kg  and  was  designed  to 
accept  the  REFLUPS  receiver  sets  (Fig.  1). 

Parenterals 

Lactated  Ringer’s  concentrate  (20:1)  was  manufac¬ 
tured  by  Abbott  Laboratories  for  Sterimatics  Corpora¬ 
tion. 

Methods 

Challenge  Waters 

Various  water  sources  were  used  to  challenge  the 
fiuidmaker  and  its  individual  components.  Total  dis¬ 
solved  solid  (TDS)  levels  from  600  to  1500  mg/L  were 
achieved  by  amending  Fort  Detrick  tapwater  with  so¬ 
dium  chloride  and  sodium  sulfate.  Source  water  was 
dechlorinated  either  by  allowing  an  open  container  of 
water  to  stand  for  several  days  or  by  adding  0.1  g  of 
sodium  bisulfite  to  each  5  gal  (19  L)  of  tapwater.  The 
dechlorinated  water  was  additionally  allowed  to  stand 
for  1-2  weeks  to  build  up  naturally  occurring  bacteria 
and  endotoxins. 

Test  Procedures 

Water  treatment  components  were  tested  individually 
and  in  combination.  For  the  RO  system,  the  treatment 
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train  (Fig.  2)  consisted  of  an  RO  unit.  Hi  column 
(omitted  for  some  tests),  water  purification  filter,  slcril- 
ian<  filter,  and  transfer  set  with  IV  ha-  (omitted  for 
some  tests).  The  transfer  set  and  sterilizing  filler  were 
replaced  with  each  IV  bag  filled:  both  filters  were 
replaced  whenever  there  was  a  break  in  water  produc¬ 
tion  without  harem-  (Le_  every  5-20  L)  IV  lg-s  were 
heat-sealed  until  sampling  or  sealed  temporarily  with  a 
slotted  plastic  lab.  Iw  the  disposable  system,  the  treat¬ 
ment  train  (Hi  3)  consisted  of  a  peristaltic  pump,  ion 
exchange  column,  water  purification  filter,  fine  partidc 
filler,  and  receiver  set  with  distribution  head.  Filling 


Figure  2— Schematic  ct  voter  pw2ber  based  on  reverse  earcoso. 


6  -  dtstribtrttorv  heed 

7  *  £V  beg  set 

Ftgere  3— ScftcraaSc  ol  cSspesatfe  purser. 

tubes  were  temporarily  sealed  with  a  pressure  damp 
after  all  hags  were  filled. 

Analytical  Methods 

The  samples  for  bacteriological  and  limulus  a  roc  oo¬ 
cyte  lysate  (I_-\I.)  testing  were  collected  in  sterile  Fal¬ 
con6  2027  screw  cap  tubes.  In  general,  a  single  sample 
was  collected  for  each  liter  of  product  water.  The 
Pyrogcnl  Plus*  LAL  gel  test  kit  was  supplied  by  Whit¬ 
taker  Bibproducts  Inc_  Walkcrsvillc.  MI).  Using  the 
manufacturer's  test  procedure,  the  sensitivity  was  0.06 
cu/rr.U  triplicate  tests  were  conducted  for  all  sampler 
Bacterial  testing  was  conducted  using  prepared  BBL* 
sheep  blood  media  (Beet on  Dickinson  Microbiological 
Systems.  Cockeysvillc.  MI)).  Plates  were  incubated  at 
37*  for  4S  hours,  and  in  most  eases  duplicate  tests  were 
performed.  Conductivity  was  determined  using  either  a 
VWR  Scientific  (Media.  PA)  portable  conductivity  me¬ 
ter  or  a  Prestp-Tek*  conductivity  meter  (J’rcston  Scien¬ 
tific.  Anaheim.  CA).  Chloride  (detection  Emil  <0.1 
mg/ 1.),  sulfate  (detection  limit  <0.1  mg/I.)  and  ammo¬ 
nium  (detection  limit  <  1  mg/I.)  ions  were  determined 
by  ion  chromatography  (Oioncx  -WOO  series.  Sunnyvale. 
CA)  ((>)-  Other  water  quality  parameters  were  deter¬ 
mined  by  procedures  given  in  USP  XXII  (4). 

Results  and  Discussion 

RO- Posed  Systems 

The  prototype  fiukl  maker  developed  in  this  study  is 
based  on  RO  technology,  known  to  be  effective  in 
removal  of  most  dissolved  organic  and  inorganic  impuri¬ 
ties  and  mktoorganbrrss  including  viruses  (7).  An  ion 
exchange  unit  b  required  to  further  reduce  dissolved 
salts.  Dcpyrogenalion  of  WTT  b  commonly  achieved  bv 
ulirafiltration;  however.  thb  would  hat"  required  ineor- 
po ration  or  an  additionai  pump  into  the  system,  since 
the  hand-operated  RO  units  employed  ate  designed  to 
operate  with  very  little  net  increase  in  water  pressure. 
Instead,  a  water  purification  fitter,  such  as  those  used  by- 
campers  or  for  cnd-of-pjpe  treatment  in  households,  b 
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the  third  main  unit  of  the  system.  These  filters  com¬ 
monly  contain  activated  carbon,  which  is  effective  in 
trapping  many  Imv  molecular  weight  organic  chemicals 
not  removed  by  RO.  and  they  also  remove  pathogens 
and  pyrogens.  A  sterilizing  filter  of  0-2-0.22  pm  limiting 
pore  size  is  the  final  element  in  the  treatment  train  (Flg. 
2).  Various  considerations  dictated  the  use  of  off-thc- 
shclf  items  where  available. 

Three  hand-operated  RO  units  were  investigated:  the 
Survivor**  06  (SU6)  with  its  a.  x#  .dated  components  is 
small  enough  to  fit  into  a  protective  -iask  container  (a 
desired  constraint):  the  Survivor**  A*X1  (SAW)  and 
Survivor”  35  (S35)  arc  not.  Polyamide  membranes  of 
the  type  used  generally  remove  of  dissohed  sodium 

chloride,  and  all  RO  units  achieved  this  removal,  lire 
small  ion  exchange  column  fabricated  for  this  study  has 
an  exchange  capacity  of  1  g  of  sodium  chloride,  sufficient 
to  demineralize  100  (.  of  water  containing  10  mg/1,  of 
sodium  chloride  to  a  specific  resistivity  £  1  mcgohm-cm. 
(Thrs  column  must  be  supported  in  an  upright  position 
to  avoid  How  channeling:  however,  the  Army  has  devel¬ 
oped  under  contract  several  small  ion  exchange  units 
that  can  be  operated  in  any  orientation.)  Sterile,  pyrogen- 
free  water  (but  not  WH)  was  prepared  from  various 
water  sources  using  only  a  First  Need*  solid  matrix 
water  purification  filter.  Pond  water  and  other  waters 
with  pyrogcnkily  exceeding  100  endotoxin  units/ml. 
(cu/rnl.)  were  tested,  but  in  no  instance  did  pyrogens 
exceed  the  detection  Iimi.  of  0.06  cu/rnl.  in  product 
water  from  a  fresh  First  Need*  filter,  much  less  the  USP 
XXII  standard  of  0.25  cu/ml_ 

All  three  RO-based  systems  consistently  provided 
sterile,  pyrogen-free  water:  when  the  small  ion  exchange 
unit  was  included  in  initial  studies,  the  produet  water 
was  equivalent  in  all  parameters  measured  to  USP  XXI! 
Slcriic  WF1  (Table  111)  (S.9).  Samples  bagged  and 
stored  for  seven  days  (with  or  without  IV  concentrate) 
remained  sterile  and  pyrogen-free.  However,  hr  an 
extended  series  of  tests,  with  up  to  5P  I,  of  water 
collected  from  each  of  five  506-  and  535-  based  systems, 
product  water  exceeded  the  USP  XXII  chloride  limit 
(05  rng/l.).  whether  or  not  an  ion  exchange  unit  was 
employed,  due  in  part  to  leaching  of  sail  from  the  First 
Need*  filter  matrix  ( 10. 1 1 ).  Future  systems  will  have  an 
ion  exchange  unit  with  high  purity  resin  following,  rather 
than  preceding,  this  filter.  (Commercial  grades  of  ion 
exchange  resins  mar  be  contaminated  with  bacteria  and 


leach  endotoxins.)  A  second  concern  with  the  lirsl 
Need*  filter  is  discharge  of  small  quantities  of  fine 
particles,  which  eventually  plug  the  sterilizing  filter.  For 
future  systems  the  sterilizing  filter  will  be  protected  hv  a 
disposable  fine  particle  filter,  further  discussed  below. 

Wetted  components  of  the  fiuidmakcrs.vvhcn  exposed 
to  air.  were  rapidly  colonized  by  mixed  gram-negative 
hactcria.  thereby  compromising  boll  pyrogenirity  and 
sterility.  Field  sanitization  of  the  system  is  not  practical. 
Because  there  are  no  suitable  field  tests  to  assure  that 
the  product  is  pyrogen  free  and  sterile,  quality  must  be 
assured  by  system  design  and  operating  procedures. 
Thus,  to  assure  production  of  sterile,  pyrogen-free  water 
the  sterilizing  filter,  transfer  set  and  IV  bag  should  be 
replaced  as  a  unit  after  each  liter  of  Wi:l  is  produced, 
and  the  water  purification  filter  and  ion  exchange  unit 
should  be  discarded  after  every  25  1-  or  whenever 
production  of  WFl  is  discontinued. 

DbpusMc  Sntan 

The  disposable  system  was  conceived  with  the  thought 
that  the  high  production  requirement  and  the  uncer¬ 
tainly  of  an  externa!  pmer  supply  rule  out  the  use  of 
reverse  temosis:  on  the  other  hand,  the  50-1.  limit  and 
system  disposability  permit  the  use  of  disposable  ion 
exchange  columns  for  total  salt  and  heavy  metals  re¬ 
moval.  (Neither  this  svsteni  nor  the  NASA  system 
mentioned  above  can  produce  WF'I  according  to  USP 
XXII.  which  specifies  that  WFl  be  generated  by  RO  or 
distillation)  (4).  The  studies  reported  above  showed  that 
pyrogen  and  pathogen  removal  can  be  achieved  through 
use  of  a  solid  matrix  activated  carbon  and  zeta  adsorbent 
filter  of  the  kind  used  for  household  tapwatcr  purifica¬ 
tion.  The  breadboard  treatment  system  devised  for  the 
present  study  consisted,  in  series,  of  a  strong  acid/strong 
base  mixed  resin  ion  exchange  column,  carbon  filter,  fine 
particle  filler  and  a  0.2  pci  sterilizing  filter  (Fig.  3).  For 
product  collection  we  utilized  an  ! 5-bag  transfer  set 
originally  developed  for  RUFKUPS:  a  hand-operated, 
multiport  indexed  vahe  directed  fluid  flow  (Fig.  I). 
Fluid  transfer  to  individual  IV  bags  was  readily  achieved, 
and  no  leakage  occurred.  Feed-water  flow  was  mam- 
lamed  using  a  peristaltic  pump.  The  combined  w  eight  of 
all  components  (except  the  pump)  was  less  titan  10  kg. 
and  the  complete  device  with  three  bag  sets  (total 
capacity  54 1.)  occupied  no  more  than  two  cubic  feel,  as 
required. 


TABLE  m 

Performance  of  Fkirfmafccrs** 


Saw pk 

a 

so. 

Cir* 

iMg/Ij 

Ml. 

i«^ij 

ISrogra* 

(ra  fad.) 

Sterility' 

(tnlaaio/ml.) 

Challenge  water 

5500 

420 

ex  J& 

I! 

3X.I 

- I0JXX) 

SOhnoll; 

1JS 

in 

ML 

f  f 

NM 

NM 

SATO  w  o  IK 

3.7 

31 

Ml. 

♦  1 

NM 

NM 

Snowith  IK 

0.1 

no 

MI. 

-  0.06 

No  growth 

SATO  with  IK 

oj» 

HI) 

Ml. 

-  0.06 

No  growth 

■*  (rtafis'rf  ilia  at  rn  K<I.  S. 

*  U;  «  ina ruluEj*.  NM  *  eHmouBnU!))  »  Nl-w  iict«b'a  tmiv  Ml  *  rarer,  fan:  6-t  caktum  jsvwJcseintSP  XXH.oj  *>  fitiV'tnva 
ssfct. 

*  tUvrcOh  -£S  bouts  after  ptitme. 
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The  breadboard  lesl  system  produced  sierilc.  pyrogen- 
free  water  at  a  rale  of  0.5  L/min  at  a  feed  pressure  of 
one  atmosphere  from  challenge  water  containing  levels 
of  bacteria  { 2 1 1.000  colony  forming  units  (cfu)/mLj 
and  pyrogens  (2;  60  cu/mL)  much  higher  than  would  be 
expected  for  any  potable  source  (12).  However,  endo¬ 
toxin  breakthrough  at  the  detection  limit  with  the 
Seagull*1  RS1-SG  filter  occurr-  *  at  3S  Lof  product  from 
a  challenge  greater  than  >00  cu/mL.  To  assure  54  L  of 
pyrogen-free  water  it  may  be  necessary  to  install  a  new 
filter  for  each  IS  L  bag  set.  or  to  substitute  the  larger 
RS2-SG  filler  (7tK)  g  vs.  450  g)  and  housing  (1.2  kg  vs. 
725  g).  Combined  weights  would  be  about  the  same  for 
either  alternative. 

Performance  with  respect  to  removal  of  TDS  was 
measured  in  terms  of  conductivity.  The  upper  limit  on 
conductivity  for  WH  is  20  usiemcn/cm  (3):  however,  to 
assure  that  chloride  docs  not  exceed  02*  mg/l_  WH 
should  have  conductivity  no  greater  than  ca.  1  psiemen/ 
cm.  The  Ikamstead  DX902  cartridges  employed  (ex¬ 
change  capacity  7S  g  as  sodium  chloride)  met  this  limit 
(^25*7)  from  a  challenge  water  with  a  17)5  of  ca.  1000 
rr.g/I.  and  conductivity  of  1250  ♦  50  psicmcn/cm  (Fig. 
4):  breakthrough  did  not  occur  until  total  product 
volume  had  exceeded  60 1_  There  is  significant  leaching 
of  conductive  materials  from  the  RS1-SG  filter  (Fig.  4). 
but  this  problem  should  be  correctable  by  means  of  a 
second,  much  smaller,  high  purity  ion  exchange  column 
following  the  filter.  The  size  and  shape  of  this  column 
would  be  dictated  by  flow  considerations  rather  than 
exchange  capacity,  which  need  not  in  any  event  exceed  1 
g  as  sodium  chloride,  iilcctrodcronization  would  be  an 
attractive  alternative  to  ion  exchange  for  this  polishing 
step  (13).  if  such  a  system  could  be  adapted  to  operate 
from  the  24  volt  power  supply  of  military  vehicles. 

The  function  of  the  fine  particle  filter  is  to  protect  the 
sterilizing  filter,  part  of  the  receiver  set.  from  blockage 
by  small  paitidcs  shed  hy  the  RS1-SG  filter.  A  What¬ 
man*  paper  tube  filter  rated  at  fiL2  pm  pore  size  served 
this  function,  but  plugged  after  45 1.  of  product  water.  A 
lullcritc*  wound  string  cartridge  protected  the  steriliz¬ 
ing  filter,  which  showed  no  signs  of  restricted  flow  after 
more  than  100 1.  of  product.  The  weight  of  the  stainless 
steel  and  brass  housing.  25  kg.  is  a  disadvantage,  but  we 
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have  learned  that  a  plastic  housing  of  lighter  weight  is 
available.  The  string  filters  tested  incorporated  a  spin 
finish  which  gave  a  false  positive  LAL  indication  for  the 
first  few  liters  of  filtrate:  however,  the  manufacturer  has 
informed  us  that  a  prewashed  medical  grade  filter, 
identical  in  all  other  respects,  is  available. 

Further  Research  Seeds 

Devising  and  validating  a  system  to  introduce  paren¬ 
teral  concentrates  into  the  WIT  may  present  the  greatest 
challenge  in  fielding  the  iluidmakers.  For  this  study, 
some  IV  bags  were  prepared  containing  50  ml.  of 
belated  Ringers  concentrate  (20:1).  U-S.  Pharmaco¬ 
peia!  specifications  call  for  an  accuracy  of  £5  percent  in 
sodium  chloride  concentration,  corresponding  to  *50 
mL  of  WIT  per  1-1.  hag.  We  achieved  this  level  of 
accuracy  using  small  spring  scales  calibrated  to  £25  g. 
NASA  has  undertaken  research  on  the  problem  of  IV 
concentrates:  a  report  is  in  preparation  (14). 

Sterile  closure  of  filled  IV  bags  also  requires  further 
research.  To  simubtc  capabilities  x.aibblc  in  the  field, 
some  IV  bags  were  permanently  scaled  by  heating  the 
filling  tube  with  a  smalt  butane  torch  to  the  point  of 
softening,  then  immediately  pinching  off  the  lube  with 
lbt-nose  pliers:  this  procedure  was  effective  if  cumber¬ 
some.  A  better  solution  may  be  to  have  slotted  plastic 
tags  or  other  damping  devices  incorporated  during 
manufacture  of  the  receiver  sets.  Alternatively,  a  battery- 
operated  heat  sealer  could  be  devised.  It  should  be 
noted  that  most  of  the  test  items  incorporated  in  the 
systems  described  have  not  yet  been  approved  for 
medical  use:  extensive  testing  needs  to  be  performed 
under  Good  Ijbonionr  Practices  and  Good  Manufactur¬ 
ing  Practices  before  these  systems  can  be  fielded. 

Summary 

Two  approaches  have  been  investigated  for  generat¬ 
ing  water  of  WIT  quality  under  field  conditions  from 
portable  equipment.  One.  in  btc  prototype  stage,  uti¬ 
lizes  reverse  osmosis,  while  the  other,  still  in  the  bread¬ 
board  stage,  relics  solely  on  ion  exchange  for  salt 
removal.  Although  the  svstcras  devised  consistent!*- 
produce  sterile,  pyrogen-free  water  from  tapwatcr  con¬ 
taining  high  bacterial  levels,  the  product  water  will 
require  additional  treatment  to  consistently  meet  1151* 
XXII  standards  for  WIT  with  respect  to  sail  levels. 
Further  research  is  needed  to  develop  a  procedure  for 
introduction  of  parenteral  concentrates  and  to  devise  a 
method  for  sterile  closure  of  IV  bags  in  the  field. 

Disclaimer 

The  findings  in  this  paper  are  not  to  be  construed  as 
an  official  Department  of  the  Army  position  unless  so 
designated  by  other  authorized  documents.  Citations  of 
commercial  organizations  or  trade  names  in  ibis  report 
do  not  constitute  an  otfieial  endorsement  or  approval  of 
the  products  or  services  of  these  organizations. 
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